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BACKGROUND: More patients with cystic fibrosis (CF) are living longer, and lifestyle-related
behavior is becoming increasingly important for improving morbidity and mortality. Declining
levels of exercise leads to low cardiorespiratory fitness, which is a strong, independent predictor of
mortality in patients with CF. As a result, exercise training has become a commonly accepted form
of treatment for patients with CF. The purpose of this study was to determine physical activity
levels and perception of exercise in adult patients with CF. METHODS: Adult patients from an
in-patient CF unit were recruited to participate. A structured interview and self-report question-
naires were used to collect information on levels of physical activity and exercise perception in-
cluding preferences, readiness, and barriers. RESULTS: Forty-six adult patients with CF consented
to participate in the interview and completed self-report questionnaires. Subjects self-reported that
the majority (84%) of their time was spent performing physical activity at a moderate level, with
mean � SD of 11.8 � 12.2 h per week of moderate physical activity. Vigorous physical activity was
described as hard and very hard physical activity, with a mean � SD of 1.8 � 4.6 h (13%) and
0.4 � 1.6 h (3%), respectively. Most of the adult subjects with CF preferred walking, and 65% of
them felt that exercise was very important. Lack of energy, lack of good health, lack of self-
discipline, and lack of time were noted as the most frequent barriers to exercise. CONCLUSION:
In this study, adult subjects with CF self-reported performing an adequate amount of moderate
physical activity, although only a small proportion of time was spent at a vigorous level of physical
activity. Clinicians providing rehabilitation have an opportunity to improve adherence to pre-
scribed exercise by understanding the impact that physiological and psychological factors have on
patients with CF. Further, motivating patients with CF to engage in more vigorous physical activity
may provide a stimulus that improves clinical outcomes and potentially survival. Key words: cystic
fibrosis; physical activity; exercise; aerobic fitness; exercise barriers; cystic fibrosis survival. [Respir
Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Advances in treatment for cystic fibrosis (CF) are pre-
serving lung function and increasing life expectancy. The
proportion of adults in the overall CF population increased
from 30% to 55% over the last 3 decades.1 This trend is
expected to continue, and the overall CF population is
projected to increase by 50%, with a corresponding in-

crease of 75% in adult patients with CF.2 As novel drug
therapies continue to improve the life expectancy of pa-
tients with CF, there is an increasing emphasis on estab-
lishing strategies for improving symptomatic care and long-
term health of adults with CF.

Although survival in CF is improving, new lifestyle
challenges are emerging. It is unclear if patients with CF
have adequate physical activity and exercise behavior pat-
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terns to maintain a healthy cardiorespiratory fitness level.
While patients with CF may perform a similar amount of
physical activity as their non-CF peers, they perform sig-
nificantly less vigorous physical activity (ie, exercise).3

Further, more time spent at a vigorous physical activity
level is significantly related to increased cardiorespiratory
fitness (r � 0.83).3 These results have clinical implications
in that cardiorespiratory fitness is inversely associated with
mortality4,5 and is one of the strongest predictors of sur-
vival in patients with CF.6 Accordingly, studies have re-
ported that participation in exercise training programs and
increasing physical activity levels have a positive impact
on pulmonary function, cardiorespiratory fitness, fat-free
mass, and quality of life for patients with CF.7-10 Based on
the growing body of evidence related to exercise and CF,
clinicians consider exercise as an accepted therapeutic strat-
egy for improving the health of patients with CF.11-13

To promote exercise as a component of the treatment
plan for CF, a better understanding of how to improve
adherence to exercise is needed to develop sustainable
lifestyle change. Adherence to medical treatment has been
a longstanding challenge in chronic illness, with reports of
patient adherence ranging widely from 30–70%.14 Similar
patterns of adherence to treatments are noted in patients
with CF.15-19 Adherence varies within moderate to high
ranges across treatment types in the population of adults
with CF, including oral antibiotics (83%), pancreatic en-
zymes (85%), and bronchodilators (69%).18 In contrast,
adherence to other CF treatments, including dietary changes
and exercise, is poor (40–55%).15,18

Although exercise has become an important component
of the overall treatment plan for CF, integrating regular
exercise into the daily routine of patients with CF can be
difficult. Even though a large sample of adult subjects with
CF (n � 545) indicated that exercise was an important part
of their treatment plan, only 24% reported that they always
adhere to exercise.20 It seems reasonable to postulate that
demanding and complex treatment routines present chal-
lenges to the adult patient with CF. Indeed, subjects with
CF have reported that being too busy and tired are reasons
for their lack of adherence.21 In contrast, strategies for
improving adherence to exercise in patients with CF in-
clude individualized training, exercise variety, and home-
based programs.22 These exercise program characteristics
are consistent with a statement issued by the American
Thoracic Society suggesting they should be used in a pul-
monary rehabilitation program aimed at improving symp-
toms, exercise tolerance, and quality of life.23 We plan to
develop feasible and effective exercise program strategies
for patients with CF; however, prior to developing an in-
terventional design we must have a better understanding of
the current physical activity levels and the perception of
exercise in adults with CF. Therefore, the purpose of this
study was to describe the physical activity levels as well as

perceptions related to exercise in adult patients with CF to
better inform the development of the best strategy for ef-
fective exercise interventions. A secondary aim was to
assess the relationship between physical activity levels and
exercise perception to improve adherence for sustainable
interventions.

Methods

This cross-sectional, descriptive study was conducted
between June and December 2018 in an in-patient CF unit
at a hospital on the University of Kansas Medical Center
campus. This study was approved by the institutional re-
view board. Patients with CF � 18 y old and able to
communicate in English were included in the study. All
subjects were recruited during their stay in the in-patient
CF unit for treatment related to a pulmonary exacerbation.
After consenting to participate in the study, they com-
pleted questionnaires and a face-to-face interview with a
study team member.

Physical activity levels were measured with the 7-Day
Physical Activity Recall questionnaire during a structured
interview. The questionnaire and interview provided a cost-
effective instrument for measuring physical activity and
can be used in a routine clinical setting. The questionnaire
was developed as a general-purpose measure of physical
activity24 and has been widely used in epidemiologic, clin-
ical, and behavior change studies. Specific to CF, the ques-
tionnaire has been validated for measuring physical activ-

QUICK LOOK

Current knowledge

The increasing life expectancy of patients with cystic
fibrosis (CF) requires strategies for improving their long-
term health. Exercise training has become an accepted
therapeutic strategy for improving the health of patients
with CF. Various levels of exercise intensities are now
being used to elicit improvements in cardiorespiratory
fitness which has been shown to be associated with
survival in patients with CF.

What this paper contributes to our knowledge

Although adult subjects with CF performed an adequate
volume of physical activity, a small proportion of time
was spent engaged in vigorous physical activity. Sub-
jects with CF felt that exercise is very important, but
both physical and psychological factors are reported as
barriers to exercise. Further, barriers to vigorous phys-
ical activity varied among the subjects, indicating that
individualized rehabilitation strategies are needed.
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ity in patients with CF.25 The 7-Day Physical Activity
Recall questionnaire is a semi-structured patient interview
to estimate overall physical activity including light, mod-
erate, hard, and very hard intensity levels. Light activities
were explained as deskwork, standing, and light house-
work. Work-related, household, and recreational activity
that makes one feel the same as walking at a normal pace
were categorized as moderate physical activity. Very hard
physical activity was described as similar to what it feels
like when running at a continuous pace. The hard category
fell between moderate and very hard. We calculated time
spent in the moderate, hard, and very hard physical activ-
ity levels. In addition, physical activity time reported at a
hard and very hard level was expressed as vigorous phys-
ical activity. As previously mentioned, it is suggested that
vigorous physical activity is a sufficient stimulus for pro-
moting cardiorespiratory fitness.3 Time was multiplied by
the respective metabolic equivalent task (MET) and then
summed to calculate the total MET minutes per week
(METs/min/week), as explained in detail by Sallis et al.24

The interviewer normally guided subjects through the pre-
vious 7 d prior to the interview. For subjects who experi-
enced a recent exacerbation and subsequent hospitaliza-
tion, they were asked to recall a normal week of physical
activity and exercise when they felt well.

Perception of exercise was evaluated by assessing ex-
ercise preferences, readiness, and barriers. Exercise pref-
erences and readiness were assessed with a study report
form developed by the study team. Exercise preferences
were obtained by asking an open-ended question; “What
are, or what would be your exercise preferences if you
engaged in regular exercise and/or sports activities?” Sub-
jects were also asked 4 questions relating to their readiness
for exercise. All answers related to readiness were re-
corded as a number from 0 to 10, with 0 being “not at all”
and 10 being “very.” The 4 questions about readiness for
exercise as recommended by the medical team were scaled
from 1 to 10 and included readiness to exercise, impor-
tance of exercise, self-motivation, and confidence to ex-
ercise. Barriers to exercise were measured with the Barri-
ers to Regular Physical Activity domain from the Twin
City Walking Survey.26 This survey includes psychosocial
variables associated with physical activity and consists of
15 questions. Each question was scored on a 5-point Likert
scale to express how often (never, rarely, sometimes, of-
ten, very often) subjects felt that the variable noted pre-
vents them from getting regular physical activity.

Descriptive statistics using mean � SD were used to
explain physical activity levels and exercise perception.
Common phrases were assessed for exercise preferences.
Spearman correlation coefficients were used to analyze
bivariate associations between physical activity levels and
exercise perceptions. When distributions of variables were
not normal, we used the median and interquartile range

(IQR) to summarize the distributions. All analyses were
performed with SPSS 25 (IBM, Armonk, New York).

Results

Subject characteristics are presented in Table 1. Fifty-
three patients from the CF in-patient unit were asked to
participate in the study, and 46 (87%) consented. The
mean � SD age was 31 � 10.6 y.

Data collected from the 7-Day Physical Activity Recall
questionnaire included physical activity levels categorized
as moderate and vigorous (ie, hard and very hard) (Table
2). Total time of reported physical activity level at mod-
erate and above varied considerably, ranging from 0 h to
39.5 h per week, with a mean � SD of 14.0 � 13.0 h per
week. Subjects spent most of their physical activity time at
a moderate level, as shown in Figure 1. Mean � SD time
spent performing moderate physical activity was
11.8 � 12.2 h per week. Mean � SD spent performing
hard physical activity was 1.8 � 4.6 h per week, and time
spent performing very hard physical activity was 0.4 � 1.6 h
per week. Because the distributions for time at all levels of
physical activity were not normal, we used the median and
interquartile range (IQR) to summarize the distributions.
The median (IQR) time spent in moderate physical activity
was 8 (1.75–18.5) h; the median (IQR) time spent in hard
physical activity was 0 (0–1.5) h), and in very hard phys-
ical activity was 0 (0–0) h. Overall, 44 and 23 subjects
reported time spent in moderate and vigorous physical
activity levels, respectively. The time spent in moderate
and vigorous (ie, hard and very hard) physical activity was
summed and used to calculate METs/min/week. The vol-
ume of moderate and vigorous physical activity varied
widely, ranging from 0 to 12,780 METs/min/week, with a
mean � SD of 3,709 � 3,488 METs/min/week.

Subjects’ perceptions of exercise included self-report on
their preferences, readiness, and barriers. The most com-
mon exercise preference was walking, as noted by 28 sub-
jects (Fig. 2). Subjects also preferred the following activ-
ities: weights (n � 13), cycling (n � 12), jogging/running
(n � 12), and dancing (n � 6). Other activities recognized
by � 3 subjects included basketball, golf, workout videos,
calisthenics, Pilates, CrossFit, elliptical, and hiking. The

Table 1. Participant Characteristics

Participants, n 46
Male sex, % 52
Age, mean � SD (range) 31 � 10.6 y (20–70)
Race/Ethnicity, n

White 42
Black or African American 3
Hispanic or Latino 1
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mean � SD score for each exercise readiness component
included importance (9.2 � 1.5), readiness (7.4 � 2.4),
confidence (7.2 � 2.7), and motivation (6.0 � 2.7) (Table
2). In addition, 30 of 46 (65%) subjects selected the high-
est value (ie, 10, very important) when asked, “How im-
portant is it to exercise as prescribed by your medical
team?” The mean � SD score for the 4 most frequent
barriers included lack of energy (3.3 � 1.2), lack of good
health (3.2 � 1.8), lack of self-discipline (2.9 � 1.2), and
lack of time (2.9 � 1.3). In contrast, the mean � SD for
the 4 least frequent barriers included fear of injury
(1.5 � 0.8), lack of skills (1.8 � 0.9), self-conscious about
looks when exercising (1.8 � 1.0), and lack of knowledge
on how to exercise (1.8 � 1.1).

The relationships between physical activity levels (ie,
moderate and vigorous) and exercise perception were as-

sessed. There were significant correlations with moderate
relationships between moderate physical activity with 3 of
the 4 readiness for exercise components including readi-
ness (r � 0.440, P � .002), motivation (r � 0.400,
P � .006), and confidence (r � 0.403, P � .006), but not
importance. Also, moderate physical activity was signifi-
cantly and negatively correlated with barriers to exercise.
There were moderate, inverse relationships between mod-
erate physical activity with lack of interest (r � �0.482,
P � .001), lack self-discipline (r � �0.424, P � .003),
and lack of good health (r � �0.591, P � .001). Further,
there were weak, inverse relationships between moderate
physical activity with lack of energy (r � �0.337, P � .02)
and discouragement (r � �0.334, P � .02) There were no
significant correlations between vigorous physical activity
and exercise perception.

Discussion

Despite the benefits of physical activity, participation
and adherence to routine vigorous physical activity are
challenging. What level of physical activity do patients
with CF engage in, and how do they perceive exercise? To
address this question, we interviewed subjects with CF
about their physical activity level. We also asked them to
report on their perception of exercise based on their pref-
erences, readiness, and barriers. We then assessed whether
physical activity level was associated with exercise per-
ception.

Thirty-seven (80%) of the subjects reported performing
� 150 min/week of moderate and above physical activity.
Moreover, 40 (87%) of the subjects reported engaging in
� 500 METs/min/week of physical activity at a moderate

Table 2. Exercise Levels and Perception

Physical activity level, h
Moderate physical activity 11.8 � 12.2
Vigorous
Hard physical activity 1.8 � 4.6
Very hard physical activity 0.4 � 1.6

Exercise preferences, number of times reported
Walking 28
Weights 13
Cycling 12
Jogging/running 12
Dancing 6

Exercise readiness*
Ready 7.4 � 2.4
Important 9.2 � 1.5
Motivated 6.0 � 2.7
Confident 7.2 � 2.7

Exercise barriers†
Self-conscious about looks when exercising 1.8 � 1.0
Lack of interest in exercise 2.8 � 1.2
Lack of self-discipline 2.9 � 1.2
Lack of time 2.9 � 1.3
Lack of energy 3.3 � 1.2
Lack of company 2.1 � 1.2
Lack of enjoyment from exercise 2.6 � 1.3
Discouragement 2.2 � 1.2
Lack of equipment 2.2 � 1.4
Lack of good weather 2.3 � 1.2
Lack of skills 1.8 � 0.9
Lack of facilities or space 2.0 � 1.3
Lack of knowledge on how to exercise 1.8 � 1.1
Lack of good health 3.2 � 1.2
Fear of injury 1.5 � 0.8

Data are presented as mean � SD or n.
* Exercise readiness was reported on a scale of 0–10, 0 being “not at all” and 10 being “very.”
† Exercise barriers were reported on a 5-point Likert scale (1 � never, 2 � rarely,
3 � sometimes, 4 � often, and 5 � very often) and expressed how often participants felt the
variable noted in each question prevents them from getting regular physical activity.
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Fig. 1. Percent of time spent in moderate and vigorous (hard, very
hard) physical activity levels.
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level or above. Both of these results are in line with phys-
ical activity guidelines for healthy adults as suggested by
the American College of Sports Medicine.27 Although the
source of physical activity volume is self-reported, it ap-
pears that a strong majority of our subjects are meeting
physical activity guidelines for the general population.

With respect to the physical activity level, patients with
CF may not feel confident in their ability to exercise at a
level that makes them feel like they can’t complete a full
sentence while exercising (ie, at a vigorous level). Al-
though we found that adults with CF engage in physical
activity, a small proportion (16%) of the time was directed
toward vigorous physical activity above a moderate level.
A study by Currie et al28 indicated that 38% of time spent
during overall physical activity was associated with an
intensity level above moderate. These results are consis-
tent with another study reporting on vigorous physical
activity in CF. Nixon et al3 indicated that subjects with CF
perform less vigorous physical activity than their peers
without CF. Further, increasing time spent performing vig-
orous physical activity has been reported to be linked to
improved cardiorespiratory fitness,3 which in turn is di-
rectly associated with survival in CF.4-6 A possible expla-
nation for the lack of participation in vigorous physical
activity may be due to both physiological (ie, metabolic)
and psychological reasons. Vigorous activity results in in-
creased strain on the cardiopulmonary and musculoskele-
tal systems, and it is plausible that the increased metabolic
demand and subsequent increased work of breathing is
uncomfortable when increasing one’s exercise intensity.
Further, the perceptions of young adult subjects with CF
regarding their inability to perform vigorous physical ac-
tivity may be influenced from previous learned behavior
derived from their parents’ belief that they are unable to do
such activities, given evidence indicating that healthy chil-
dren’s perceptions about vigorous physical activity was
significantly related to their parents beliefs about them.29

Based on previous evidence suggesting a link between
vigorous physical activity, aerobic fitness, and survival,
clinicians should consider strategies for incorporating “ex-
ercise” above walking at a normal pace into pulmonary
rehabilitation programs for patients with CF. At the time
of this study, a large, international, multicenter random-
ized controlled trial using vigorous physical activity in CF
was in progress.30 Support for the notion of a physical
activity level above moderate was found in a meta-analy-
sis reporting that the greatest reduction in relative risk for
all-cause mortality was the result of increased time spent
performing vigorous versus moderate physical activity.31

In addition, previous research supports the view that ex-
ercise at a higher intensity is more effective than moderate
physical activity. Specifically, subjects with CF reported
that high-intensity interval exercise was more time effi-
cient and less strenuous compared to standard, moderate
intensity exercise.32 Moreover, high-intensity interval train-
ing was able to elicit greater improvements in sustained
submaximal exercise.32 Another study in subjects with se-
vere COPD reported significantly greater adherence to in-
terval training versus continuous training.33 Collectively,
these studies support the theory that exercise and rehabil-
itation programs integrating vigorous physical activity can
lead to improved adherence, ability to cope with demands
of daily activities, cardiorespiratory fitness, and survival.
However, safety of the patient should be the primary con-
cern. Therefore, adequate training of rehabilitation spe-
cialists and proper screening of patients should be a pri-
ority. Future research should examine different levels of
physical activity that elicit the greatest improvement in
clinical outcomes to develop pulmonary rehabilitation
guidelines for patients with CF.

Very few studies report on exercise perception (ie, pref-
erences, readiness, barriers) in adult subjects with CF. Most
subjects in this study (61%) preferred walking, along with
weight training, cycling, and jogging. Another study by
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Fig. 2. Preferences for type of exercise are listed by their frequency as reported by all subjects.
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White et al21 reported that 72% of adult subjects with CF
indicated that walking was their most common type of
exercise. Our subjects’ perceptions of exercise suggest that
they consider exercise to be very important. This finding
may be due to the current consensus that exercise is asso-
ciated with a healthy lifestyle. Although physical activity
is considered to be very important by patients with CF,
barriers remain that hinder participation in vigorous phys-
ical activity. Barriers to exercise noted in this study in-
cluded the lack of energy, lack of good health, lack of
self-discipline, and lack of time. This is consistent with
evidence in the literature indicating that subjects with CF
report being too tired and busy as barriers for adherence to
exercise.21 Further, emotional and psychological barriers
are reported to deter people with chronic illness from par-
ticipating in exercise.34 The combined effect of low en-
ergy, poorer health, lack of self-discipline, and insufficient
time may take a psychological and emotional toll on pa-
tients with CF. These personal challenges may contribute
to a lack of desire to participate in vigorous physical ac-
tivity compared to their non-CF peers.35

Subjects in this study reported that moderate physical
activity was moderately associated with perception about
exercise (ie, readiness, motivation, confidence). Further-
more, subjects implied that moderate physical activity may
be considered favorably by patients with CF based on its
relationship with perceived level of interest, self-discipline,
energy, discouragement, and good health. However, vig-
orous physical activity did not show a significant relation-
ship with any exercise perception variable. We can only
speculate that there is a significant degree of variation in
the perception of exercise among those who engage in
vigorous physical activity. For maximizing fitness bene-
fits, exercise and rehabilitation interventions should con-
sider individualized strategies for changing behavior, es-
pecially when incorporating an exercise stimulus above
moderate intensity.

As clinicians, it’s important to consider what the past
evidence suggests about the most effective exercise stim-
ulus for improving clinical outcomes in patients with CF.
Furthermore, we must understand the exercise preferences,
readiness, and barriers of patients with CF to create suc-
cessful pulmonary rehabilitation strategies. Effective in-
terventions featuring motivational coaching, an understand-
ing of time constraints, exercise variety, and individualized
training may help improve our patients’ success in reach-
ing their exercise and overall health goals.

Limitations

Limitations of this study include the cross-sectional,
descriptive design. Therefore, our findings do not imply
cause-and-effect relationships between the physical activ-
ity levels of patients with CF and their perceptions of

exercise. We used self-reporting from a structured inter-
view to assess physical activity levels. Although a struc-
tured interview was used to gather detailed information on
physical activity, the number of total subjects was still
small. However, using a cost-effective instrument enabled
us to capture 25% of the CF population who routinely visit
the CF Care Center while they were admitted to the in-
patient CF unit. Further, we asked subjects to recall a
typical week prior to hospitalization. As a result, there
may be a level of recall bias when reporting physical ac-
tivity. This study used a non-standardized questionnaire
for measuring exercise preferences and readiness. How-
ever, the brief query from this questionnaire connected
well with the 7-Day Physical Activity Recall and reduced
burden on the subjects. Subjects from this study were se-
lected from one site and cannot be generalized to the entire
CF population.

Conclusion

Results from this study suggest that subjects with CF
perform an adequate volume of physical activity, although
only a small proportion of time is devoted to vigorous
physical activity. Subjects prefer walking as a form of
physical activity and believe it is very important to per-
form exercise as prescribed by their medical team. Further,
subjects felt ready, motivated, and confident to perform
moderate physical activity described as walking at a nor-
mal pace. Most common barriers to exercise were lack of
energy, good health, self-discipline, and time. Clinicians
involved in pulmonary rehabilitation programs should ap-
ply both physiological principles and psychological strat-
egies for coaching and encouraging vigorous physical ac-
tivity as a stimulus for improving cardiorespiratory fitness
in patients with CF. In turn, patients with CF may achieve
an active lifestyle that promotes improved survival.
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